Harris and Leong (1), in 1936, suggested that the state of vitamin B1 deficiency in man could be detected by measurement of the amount of the vitamin excreted in the urine in the twenty-fourhour period following a single oral test dose of 900 micrograms of thiamine chloride, and since then many other procedures have been suggested for the detection of vitamin B1 deficiency by means of a test dose (2 to 8). Oral and parenteral routes have been used for administration of test doses varying from 1 to 10 mgm. of thiamine chloride and various criteria have been set up for estimation of the state of the subject's nutrition with respect to vitamin B1.
Harris and Leong (1) , in 1936, suggested that the state of vitamin B1 deficiency in man could be detected by measurement of the amount of the vitamin excreted in the urine in the twenty-fourhour period following a single oral test dose of 900 micrograms of thiamine chloride, and since then many other procedures have been suggested for the detection of vitamin B1 deficiency by means of a test dose (2 to 8). Oral and parenteral routes have been used for administration of test doses varying from 1 to 10 mgm. of thiamine chloride and various criteria have been set up for estimation of the state of the subject's nutrition with respect to vitamin B1.
The value of a laboratory test for vitamin B1 deficiency lies largely in its application to the detection of those cases in which a chronic mild deficiency may have existed for some time but in which cleancut symptoms or signs of deficiency are not evident. The urinary excretion of thiamine under various conditions has been used as a suggestive index of the state of thiamine nutrition but, unfortunately, most of the control tests reported in the literature have been made on persons partaking of their customary diets of unknown or unspecified vitamin B1 content, or on hospital patients. We believe that it is necessary to determine the response to the test of individuals maintained on various levels of thiamine intake for varying periods of time in order to assess the validity of the test. Only in this way can the response be correlated satisfactorily with the nutritional history and clinical state.
We are prompted to report our experience with test-dose procedures because we have had the opportunity to study the responses of fifteen female subjects maintained on rigidly controlled diets of known thiamine content for intervals varying from thirteen weeks to five months. Factors of the vitamin B complex other than thiamine were supplied in purified form or in the form of autoclaved yeast; therefore, the dietary restriction was limited as nearly as possible to thiamine alone. Since the duration and degree of deficiency were known accurately, we believe that the value of test-dose procedures or of the ordinary twentyfour-hour excretion of thiamine as a laboratory aid can be accurately assessed.
EXPERIMENTAL
The present study is part of a larger one on induced thiamine deficiency in human subjects. The selection of subjects and the diets utilized in this study have been described in previous reports (9, 10, 11 Table I shows the values of thiamine excretion in two groups of four subjects who were maintained on a diet which contained not more than 150 micrograms of thiamine per day. The first group (Subjects 1 to 4) received the test dose after 155 days and again after 169 days at this intake level. Symptoms of severe deficiency of thiamine were evident on both occasions. The results of the test were essentially the same in both instances. The excretions of thiamine in the twenty-four hours preceding the test were 11 to 26 micrograms.1 In the twenty-four hours following the injection of the test dose of 1000 micrograms, the amounts of thiamine (extra thiamine) excreted over and above those in the preceding twenty-four hours were 2 to 6 per cent of the amount injected. Following a subsequent period of seventeen days during which 10 mgm. of thiamine chloride and 10 grams of brewers' yeast were given as daily supplements to an unrestricted diet, the intake of thiamine was again restricted to 850 micrograms for seventeen days. On the last three days of this period the average (pooled specimens) twenty-four-hour excretions of thiamine were 124 to 256 micrograms and on the eighteenth day the extra excretions after the test dose were 15 to 45 per cent of the dose.
The second group of subjects (5, 6, 8 and 9) received the test dose after they had consumed the diet containing 150 micrograms of thiamine for eighty-eight days, at which time symptoms of severe deficiency of thiamine were evident. The results were similar to those obtained in the first group. After a thirty-three-day period of unrestricted diet with supplements of brewers' yeast and thiamine chloride (15 mgm. for eight days, then 5 mgm. for twenty-five days) the intake of thiamine was restricted to 850 micrograms for five days. On the fifth day the excretions were 254 to 400 micrograms and on the sixth day 23 to 26 per cent of the test dose was excreted in the urine. The intake of thiamine was further restricted to 150 micrograms for five days. The excretions during twenty-four hours fell to values between 35 and 75 micrograms and on the fifth day the extra excretions after the test dose were 12 to 17 per cent of the dose.
These results indicate a rapid loss of the thiamine stored during the period of excessive intake. The values of 254 to 400 micrograms are much higher than the values that would normally be found for the thiamine excretion when the intake is 850 micrograms. Six of the eleven subjects included in Figure 1 . It will be observed that the excretions by Subjects 5 and 6 fell to approximately the same level as the excretions of the other three subjects at the intake level of 800 micrograms and then all excretions increased at about the same rate as the intake increased. The iesponse of Subjects 5 and 6 (Table III) Table I reveals that after 169 and eighty-eight days of the severe restriction of thiamine, at which times a state of vitamin B1 deficiency was well developed in all cases, the extra excretion of thiamine after the test dose was 1 to 6 per cent of the dose. It also should be noted that at this time the ordinary twenty-four-hour excretions were within the range of 7 to 26 micrograms. It will be observed that when the nutrition with respect to thiamine was adequate the response to the test dose with one exception (Subject 3) resulted in values for the extra excretion of thiamine of more than 20 per cent of the dose. There is thus a distinct separation of the response of the subjects in a state of marked thiamine deficiency from the response of those receiving an adequate supply of thiamine. However, the greatest value of a laboratory test as an aid to diagnosis would lie in its application to those borderline cases in which frank symptoms of a state of deficiency are not evident.
The value of measurement of the excretion of thiamine and of the test-dose procedure may be estimated by consideration of the clinical condition of the subjects in Table II in conjunction with the laboratory data. Fatigue, lassitude, anorexia and mental depression were evident in some instances at the twenty-eighth day but a definite diagnosis of thiamine deficiency could not be made at that time on the basis of these symptoms or other laboratory data. The urinary excretions furnished the only unequivocal evidence of thiamine deficiency. On the ninety-eighth day the signs and symptoms and other laboratory data which have been described elsewhere were sufficiently definite to merit a diagnosis of thiamine deficiency without reference to the data on the urinary excretion. When a state of thiamine deficiency has progressed to such a degree that it can be diagnosed from symptoms alone, determination of the urinary excretion has merit as a confirmatory procedure, but in the differentiation between a state of thiamine deficiency similar to that on the twenty-eighth day and other conditions which give rise to like symptoms, determination of the urinary excretion can be the decisive factor. It is evident from the results presented that, in general, the ordinary excretion affords as much information as to the physiologic state with respect to thiamine as does the test-dose procedure. It is of value, however, to have the results of both determinations when possible and, of course, it is necessary to determine the ordinary excretion prior to administration of the test dose when twentyfour-hour collections of urine are made.
It is to be noted that the usual consequence of a restriction of the dietary intake of thiamine to 450 micrograms or less is a rapid fall in the values for the ordinary excretion of thiamine during twenty-four hours and in the recovery of the test dose in the urine. Since there is this close correlation between immediate intake and excretion both before and after a test dose, an estimate of the duration of the deficient intake of thiamine cannot be made on the basis of excretion studies.
We have previously reported that the excretions by Subjects 1, 2, 3 and 4 remained at essentially a normal level for approximately three months after restriction of the thiamine intake. The amount of thiamine excreted by all other subjects rapidly decreased when the ordinary diet was changed to one which furnished an inadequate amount of thiamine. We are unable to explain the divergence of our first observations from our later ones which are in agreement with the observations of other investigators (15, 16, 17) .
The foregoing statements do not necessarily apply, however, when the intake of thiamine has been much greater than the minimal requirement for a month or more. Subjects 5 and 6 (Table III) furnish examples of what the excretions may be under these circumstances. Subjects 5 and 6 received 7.5 mgm. of thiamine chloride for thirtyseven days. Then they were placed for five days on a diet which furnished 400 micrograms of thiamine and for twenty-two days on a diet which furnished 600 micrograms. The intake of thiamine was thus definitely deficient, as judged by all the criteria available, for twenty-seven days, yet at the end of that period the twenty-four-hour excretions were 140 and 107 micrograms, respectively, and 20 per cent of the test dose was recovered in the urine. These values ordinarily would be considered indicative of an adequate intake. When these values are compared with the corresponding values of 88, 38 and 65 micrograms for Subjects 12, 13 and 16 and with recoveries of 14 to 17 per cent of the test dose, it is obvious that Subjects 5 and 6 must have been drawing upon a store of thiamine. In these instances the excretions and responses to the test dose did not indicate the inadequate intake but did show adequate nutrition with respect to thiamine of these two subjects.
The results obtained with Subjects 5, 6, 8 and 9 (Table I) , after treatment with more than 10 mgm. of thiamine daily for thirty-three days, also give evidence of a retention of thiamine which resulted in elevated twenty-four hour excretions after five days on a diet which furnished 850 micrograms of thiamine and which also resulted in elevated, although substandard, responses to the test-dose procedure after a further period of five days with an intake of 150 micrograms. The decrease in the response to the test-dose procedure during the latter period again illustrates the usual close relation between the level of intake of thiamine and this response.
As previously mentioned, the data in Table III suggest that the minimal intake of thiamine to supply the physiologic needs of five of these subjects was 800 micrograms, or 0.4 mgm. per thousand calories. At this level, the average value for the twenty-four-hour excretion was 119 micrograms and the average recovery of the test dose was 21 per cent. Allowing for inaccuracies in the Our data and those of other investigators show an intimate relation between the intake of thiamine and the urinary excretion when the intake is reasonably close to the physiologic requirements. This relation requires that the intake of thiamine should be controlled during the study of the excretion and on the day prior to the study. An intake of approximately the minimal daily requirement is desirable in order to avoid either a deficiency or an excess. In Table IV 1. Determination of the urinary excretion of thiamine during twenty-four hours usually gives as much information as the test-dose procedure. Either determination or a combination of the two is a valuable laboratory adjunct to the clinical diagnosis of the state of nutrition with respect to thiamine if the intake of thiamine is controlled during the time of the test.
2. Control of the diet during and prior to the test-dose procedure is necessary for a reliable interpretation of the results. A balanced diet which contains 800 to 900 micrograms (Table IV) of thiamine is suitable for this purpose.
3. The urinary excretion of thiamine describes the intake of thiamine during and just prior to the time of the test unless there has recently been an abrupt change of some magnitude in the intake.
4. The test dose should be near the physiologic requirement for thiamine and should be given parenterally to insure complete and prompt absorption. Intramuscular injection of 1 mgm. of thiamine chloride is a satisfactory procedure.
5. The data on excretion of thiamine indicate that 0.4 mgm. of thiamine per thousand calories of diet was the minimal requirement for five women under the conditions of this study. At this level of intake the average excretion during twenty-four hours was 119 micrograms and there was a recovery of 21 per cent of the test dose. Excretion of 100 + 10 micrograms or more in twenty-four hours and recovery of at least 20 + 2 per cent of the test dose are considered evidence of adequate nutrition with respect to thiamine.
6. Two subjects gave evidence of a considerable storage of thiamine after receiving 7.5 mgm. of thiamine chloride for thirty-seven days, as judged by the ordinary excretions of thiamine and the responses to the test dose following a subsequent period of twenty-seven days during which the intake of thiamine was inadequate.
